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1
ROLLING BEARING HAVING A BEARING
RING WITH A HARDENED SURFACE ZONE

FIELD OF THE INVENTION

The invention relates to a rolling bearing, in particular, for
supporting the shaft of a turbocharger, wherein this rolling
bearing comprises a bearing ring and a number of rolling
bodies. The bearing ring is formed from a steel. The surface of
the bearing ring has a hardened surface zone comprising
nitrides. The invention further relates to a method for manu-
facturing a bearing ring for such a rolling bearing.

BACKGROUND

A rolling bearing is used in various technical applications
in order to support and guide parts that can move relative to
each other, in particular, rotate relative to each other, in
machines and to absorb the effective external forces and
transfer them to a housing or the like. For example, the shaft
of'aturbocharger is supported in a motor vehicle with a rolling
bearing constructed as a two-row angular contact ball bear-
ing.

A rolling bearing can be exposed to very high stresses
during operation as is the case, for example, if used in a
modern turbocharger that can reach very high rotational
speeds of approximately 300,000 revolutions per minute.
Such a rolling bearing must exhibit a reliable operating
behavior that is as wear free as possible even under high
operating temperatures and at high rolling loading between
the rolling bodies and the raceway of a bearing ring.

A bearing ring for such applications is therefore typically
produced from an alloyed steel and hardened by an additional
heat treatment. DE 10 2008 023 158 Al discloses, for
example, a rolling bearing part, in particular, a bearing ring
that is made from a low-alloy steel. The rolling bearing part is
operated, in particular, in corrosive environments. Through
multiple treatment steps, improved corrosion resistance with
sufficient mechanical strength should be achieved for the
rolling bearing part. In one treatment step, the surface zone of
the bearing ring is hardened by a thermochemical treatment
method. Through nitriding or nitrocarburizing that is not
described in more detail, a hard surface zone with a thickness
of 15 to 25 um is generated. The thickness of this surface
zone, however, is not sufficient especially for the bearing ring
of a rolling bearing that is exposed to very high loads like
those that occur, for example, in the support of the shaft of a
turbocharger.

SUMMARY

The present invention is based on the objective of creating
a rolling bearing, in particular, for supporting a shaft of a
turbocharger that has a surface that is as resistant as possible
and has high wear resistance and hardness with very eco-
nomical production. The problem of the invention is also to
disclose an economical method for producing such a bearing
ring.

The objective with respect to creating a rolling bearing is
solved according to the invention. Advantageous embodi-
ments and improvements of the invention are explained in the
dependent claims and the following description.

Accordingly, the rolling bearing according to the invention
comprises, especially for the support of a shaft of a turbo-
charger, a bearing ring and a number of rolling bodies. The
bearing ring is made from a steel that comprises, as alloy
components, 0.05 to 0.65 wt. % carbon, 0.5 to 5.0 wt. %
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chromium, up to 1.0 wt. % molybdenum, up to 1.0 wt. %
vanadium, and up to 1.0 wt. % aluminum. The surface of the
bearing ring has a hardened surface zone comprising nitrides
with a diffusion layer and a connection layer above this dif-
fusion layer. The surface zone has a thickness of up to 1 mm.

The invention starts from the consideration that a rolling
bearing must be designed and formed to the extent that it
fulfills the strict requirements placed on each use case with
the most economical production possible. The invention fur-
ther starts from the consideration that the production costs for
a corresponding rolling bearing can be significantly reduced
if a relatively economical semi-finished product and an easy-
to-perform heat treatment that moreover does not make
expensive mechanical rework necessary are used for the pro-
duction. Therefore the invention discloses using a semi-fin-
ished product made from a relatively economical, low-alloy
steel instead of an expensive basic material and to subject this
to thermochemical treatment acting only on the surface of the
partaccording to the corresponding shaping, in order to selec-
tively “adjust” the required mechanical component properties
for the actual use case over a resulting hardened surface zone
having a certain thickness. The combination of base material
of the semi-finished product and the thickness of the surface
zone adapted to the use case thus allows a very economical
production under generating the required mechanical com-
ponent properties.

The rolling bearing can be a standard shape, for example, a
self-aligning ball bearing, an angular contact ball bearing,
cylindrical roller bearings, or tapered roller bearings, as well
as a special shape. The bearing can be, in particular, a mul-
tiple-row rolling bearing. Accordingly, the rolling bodies can
be formed, for example, as balls, cylinders, or cones and have,
in particular, a diameter of up to 5 mm. The bearing ring can
be either an outer ring or an inner ring of a rolling bearing. It
is also possible that both the outer ring and also the inner ring
of a rolling bearing are formed as such a bearing ring. Here,
the bearing ring can have a one-piece or split design. It is also
possible, in particular, that the bearing ring is an integral part
of a shaft.

In addition to the alloy components mentioned above, the
steel can also comprise, in particular, the alloy element boron,
by which the iron properties of the steel can be adjusted.

The surface zone can comprise the entire surface of a
bearing ring. Alternatively, it is also possible that the surface
zone is present only in certain areas of the surface of a bearing
ring.

The nitrides are generated by a thermochemical treatment,
in particular, by nitriding or nitrocarburizing. Here, classified
according to the donor medium, gas nitriding, bath nitriding,
or plasma nitriding or a corresponding nitrocarburizing
method can be used. They all have in common that nitrogen or
nitrogen and carbon are present within a donor medium in a
compound that is split in a reaction chamber. During nitrid-
ing, the surface of the bearing ring is enriched with nitrogen.
During nitrocarburizing, additional carbon diffuses into the
surface. In particular, the nitrogen reacts with the iron con-
tained in the steel to form iron nitrides and with existing alloy
elements to form special nitrides or for additional diffusion of
carbon to form the corresponding carbonitrides. Such nitrides
have a high hardness. Therefore, a hardened surface zone is
formed that comprises a diffusion layer and a connection
layer above this diffusion layer.

The connection layer is formed of alloy elements that are
present after nitriding predominantly from iron nitrides and
special nitrides that are incorporated into the iron nitride
matrix. The diffusion layer contains, as essential characteris-
tics, deposited special nitrides of alloy elements. After nitro-
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carburizing, the connection layer is formed primarily from
iron carbonitrides and special carbonitrides of present alloy
elements that are incorporated into the iron carbonitride
matrix. The diffusion layer contains, as essential characteris-
tics, deposited special (carbo)nitrides of present alloy ele-
ments. The deposition of the special nitrides or special car-
bonitrides is triggered when the nitrogen concentration
reached by diffusion of the nitrogen into the interior exceeds
the solubility for eachnitride in the iron. The connection layer
has, in particular, very high hardness. The diffusion layer
distinguishes itself, in particular, by its high strength and
hardness and has higher durability compared with the con-
nection layer.

The thickness of the surface zone is up to 1 mm and cor-
responds to approximately the diffusion depth of the incor-
porated nitrogen that is dependent, in particular, on the dura-
tion and the temperature of the thermochemical treatment.
The surface of a bearing ring with such a surface zone has the
hardness and strength sufficient for operation of a corre-
sponding rolling bearing.

The specified rolling bearing has the advantage of having,
with very economical production, a surface that is as resistant
as possible with high wear resistance. For a surface zone that
is up to 1 mm thick, the rolling bearing has a sufficiently high
wear resistance and hardness, in order to also provide, under
high loads, in particular, high rotational speeds of a supported
shaft, a reliable operating behavior. In addition, for generat-
ing a surface zone of this thickness, only relatively short heat
treatment times and relatively low temperatures are needed.
This further has favorable effects on the dimensional stability
and structure formation. Only very small dimensional and
shape changes occur, which consequently make it necessary
to perform no or only correspondingly little rework.

Advantageously, the surface zone has a thickness of 100-
300 um. A surface zone of this thickness represents an espe-
cially good compromise between production costs and high
wear resistance and hardness.

In one advantageous embodiment, the surface zone has a
Vickers hardness of greater than 700. The Vickers hardness is
a common measure for the hardness of surfaces. The hardness
test named after the British aircraft company Vickers is used
especially for hard materials with uniform structure and also
for surface-hardened workpieces. In this form of the hardness
test, the tip of an equilateral pyramid (with an opening angle
of 136°) made from diamond is pressed into the surface of a
sample and the diagonals of the resulting indentation are
measured. For a Vickers hardness of greater than 700 for the
surface zone, the bearing ring exhibits good resistance espe-
cially with respect to abrasive wear. Here, the maximum
hardness is present directly on the surface and the hardness
decreases toward the interior.

Preferably, the bearing ring comprises a raceway area,
wherein the surface zone in the raceway area is free from a
connection layer. The raceway area is here essentially the
surface of the bearing ring that is in direct contact at least
partially with the surface of the rolling body in the installed
state. The connection layer typically has a very high hardness
and thus, along with that, also very low ductility. Therefore,
this brittle connection layer can easily fracture under corre-
sponding loading. Because very large point loads or linear
loads are often generated in the rolling bearing between the
raceway area and rolling bodies, it is preferable to form the
raceway area of the bearing ring without a connection layer.
This can be removed, in particular, through grinding or hon-
ing.

The steel advantageously comprises 0.27 to 0.34 wt. %
carbon, 2.3 to 2.7 wt. % chromium, 0.15 to0 0.25 wt. % molyb-
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denum, and 0.1 to 0.2 wt. % vanadium. This steel is also
managed under the designation “31CrMoV9” and is a so-
called nitriding steel. In particular, it is alloyed with the ele-
ments chromium, molybdenum, and vanadium that represent
very good nitride formers. Such a steel is therefore particu-
larly well suited for generating a surface zone with the
required hardness and strength on the surface of the bearing
ring. It is also relatively economical.

After the hardening, the surface zone preferably has a dark
gray color coating. Thus, the surface of the bearing ring
comprising a surface zone has a dark gray color coating after
the thermochemical treatment.

In one advantageous embodiment, the rolling bearing is
formed as a two-row angular contact ball bearing. Accord-
ingly, the rolling bodies are formed here as balls. The rolling
bodies are formed, in particular, from a ceramic material. A
two-row angular contact ball bearing can handle large loads
in the axial and radial directions. The bearing ring can be an
outer ring or an inner ring of the two-row angular contact ball
bearing. Alternatively, it is also possible that both the outer
ring and also the inner ring are formed as such a bearing ring.
Here, the bearing ring can be constructed in one piece or split.

The objective directed toward a method for producing a
bearing ring is met by the features of the invention. Advanta-
geous embodiments and improvements of the invention are
explained in the dependent claims and the following descrip-
tion.

In the method for producing a bearing ring for a rolling
bearing, in particular, for supporting a shaft of a turbocharger,
the bearing ring is made from a steel that comprises, as alloy
components, 0.05 to 0.65 wt. % carbon, 0.5 to 5.0 wt. %
chromium, up to 1.0 wt. % molybdenum, up to 1.0 wt. %
vanadium, and up to 1.0 wt. % aluminum. Here, nitrides are
generated in a surface zone on the surface of the bearing ring
by a thermochemical treatment, so that a diffusion layer and
a connection layer above this diffusion layer are formed.
Here, a surface zone with a thickness of up to 1 mm is
generated.

In addition to the alloy components mentioned above, the
steel can also contain, in particular, the alloy element boron
by which the profile of properties of the steel can be adjusted.

The bearing ring can be shaped and dimensioned from a
semi-finished product of the corresponding steel through
forging and through metal-cutting processing, for example,
through turning, milling, or grinding. Advantageously, a so-
called nitriding steel is used, in particular, a steel with the
designation “31CrMoV9”. Such a steel comprises, as alloy
components, 0.27 to 0.34 wt. % carbon, 2.3 to 2.7 wt. %
chromium, 0.15 to 0.25 wt. % molybdenum, and 0.1 to
0.2 wt. % vanadium.

To generate the nitrides in a surface zone on the surface of
the bearing ring, nitrogen atoms or nitrogen atoms and carbon
atoms are introduced by a thermochemical treatment process,
in particular, by nitriding or nitrocarburizing. For nitriding,
the surface of a material is enriched with nitrogen. For nitro-
carburizing, additional carbon diffuses into the surface. Here,
for example, gas nitriding, bath nitriding, or plasma nitriding
or the corresponding nitrocarburizing can be performed.

Here, for nitriding, a medium producing nitrogen and, for
nitrocarburizing, a medium producing nitrogen and carbon is
introduced together with the bearing ring into a reaction
chamber. The bearing ring is then exposed to a thermal cycle
with a heating phase, holding phase, and cooling phase. This
thermal cycle is run under the use of the medium producing
nitrogen or nitrogen and carbon or several corresponding
media. Here, the nitrogen compounds or the nitrogen and
carbon compounds are split and the free nitrogen atoms or
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nitrogen and carbon atoms diffuse into the surface of the
bearing ring. The nitrogen here reacts with the iron contained
in the steel to form iron nitrides and with present alloy ele-
ments to form special nitrides. Here, the surface zone that has
athickness of up to 1 mm and comprises a diffusion layer and
a connection layer above the diffusion layer. The connection
layer and the diffusion layer have the characteristics and
properties already mentioned above.

The method shown has the advantage of an economical and
simple manufacturing process for a bearing ring. The genera-
tion of a surface zone with a thickness of up to 1 mm is
possible within relatively short heat treatment times and at
low temperatures and here only very low dimensional and
shape changes, which moreover makes necessary no or only
a correspondingly minimal amount of rework.

Advantageously, a surface zone with a thickness of 100-
300 um is generated. A surface zone of this thickness has an
especially good compromise between production costs and
high wear resistance and hardness.

In a preferred implementation of the method, the nitrides
are generated in a thermochemical method at a temperature
between 400° C. and 700° C. over a time period of up to 50
hours. In particular, a nitriding process, that is, an introduc-
tion of nitrogen atoms, is performed with these process
parameters. Nitrocarburizing, that is, an introduction of nitro-
gen atoms and carbon atoms, is preferably performed at a
temperature between 520° C. and 630° C. over a time period
of, for example, up to 28 hours. For each of these temperature
ranges and process times, the nitrogen atoms can diffuse
sufficiently deep into the material and thus generate a surface
zone with the necessary thickness of up to 1 mm. Thus, during
nitrocarburizing, lower temperatures occur than during
nitriding. This benefits the dimensional stability of the rolling
bearing, because, for example, for high rotational speed bear-
ings, such as turbocharger bearings, their dimensions abso-
lutely require small tolerance ranges.

Advantageously, the bearing ring is tempered before the
thermochemical treatment. During this tempering, the bear-
ing ring is heated selectively to a tempering temperature and
held at this tempering temperature for a certain period before
it is cooled again. This is used, in particular, to eliminate
internal stresses and reduces warping of the bearing ring
during the subsequent thermochemical treatment. Here, as
the tempering temperature, advantageously at least the tem-
perature that is used for the subsequent thermochemical treat-
ment is selected.

Advantageously, the connection layer is removed in a race-
way area with a metal cutting process. This relatively brittle
connection layer can fracture easily, especially for point loads
or linear loads occurring between the rolling bodies and the
raceway of the bearing ring. The connection layer is removed,
in particular, by grinding or honing. During grinding, the tool
that is, in particular, a grinding disk with a plurality of bonded
grinding grains, rotates at a high rotational speed and sepa-
rates the connection layer. During honing, the removal of the
connection layer is performed by grinding agents combined
in machine hones. Here, a rotational movement and an oscil-
lating longitudinal movement take place between the honing
tool and the bearing ring.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are described in more detail
below with reference to a drawing. Shown are:

FIG. 1 an embodiment of an outer ring in a schematic
section view, and
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FIG. 2 an embodiment of a rolling bearing in its installed
state in a schematic section view.

FIG. 3 shows a magnified view of the rolling bearing of
FIG. 2 in the “Y” area.

Parts that correspond to each other are provided with the
same reference symbols in both figures.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1, an embodiment of an outer ring 1 is shown in a
section. The outer ring 1 is formed in shape and dimensions
from a semi-finished product of a steel with the designation
“31CrMoV9” through forging and turning. The steel
“31CrMoV9” is alloyed, in particular, with the elements
chromium, molybdenum, and vanadium that are very good
nitride formers.

The surface of the outer ring 1 has a hardened surface zone
2 that comprises a diffusion layer 3 and a connection layer 4
above this diffusion layer. This surface zone 2 has been gen-
erated by gas nitriding.

For this purpose, the outer ring 1 is exposed in a nitriding
furnace to an ammonia gas atmosphere at a temperature of
560° C. over a period of 40 hours. Here, the cracked nitrogen
of the ammonia gas is diffused into the surface of the outer
ring 1 and reacts with the iron in the steel to form iron nitrides
and with the alloy elements to form special nitrides. The
diffusion layer 3 generated in this way has a thickness of 250
um and distinguishes itself, in particular, by a high strength
and hardness. The generated, very hard connection layer 4 has
athickness of 10 um. The surface zone 2 thus has a thickness
01260 pm. The relatively low temperature of 560° C. needed
for generating a surface zone 2 of this thickness over a heat
treatment time of 40 hours produces a very small dimensional
and shape change of the outer ring 1 during this heat treat-
ment.

Directly on the surface, the surface zone has a Vickers
hardness of greater than 700. At this hardness, the outer ring
1 has good stability, in particular, with respect to abrasive
wear. In the raceway area 5, the relatively brittle connection
area 4 has been removed by grinding. Therefore, the thickness
of the surface zone 2 in this area is 250 pm.

FIG. 2 shows a two-row angular contact ball bearing 6 in its
installed state in a section. The two-row angular contact ball
bearing 6 is inserted in a housing 7 for the rotating support of
a shaft (not shown). The tapered rolling bearing has an outer
ring 1 and a split inner ring 8. Between the inner ring 8 and the
outer ring 1 there are balls 9. The balls 9 are combined with a
cage (not shown) to form a roller cage. Therefore, the balls 9
are held at a uniform distance and contact on the opposite
sides is prevented. FIG. 3 shows a magnified view from the
“Y” area of F1G. 2 of the two-row angular contact ball bearing
6.

The outer ring 1 corresponds to the outer ring shown in
FIG. 1. In the raceway area 5, the 10-um thick connection
layer 4 has been removed, wherein the surface zone 2 is 250
um in this area. On the remaining surface of the outer ring 1
there is a 260-um thick surface zone 2. Due to this 250 um or
260 um thick surface zone 2, the surface of the outer ring 1 of
the shown angular contact ball bearing 6 has sufficient wear
resistance, in order to exhibit a reliable operational behavior
even under high loads, and especially high rotational speeds.

LIST OF REFERENCE NUMBERS

1 Outer ring
2 Surface zone
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3 Diffusion layer

4 Connection layer

5 Raceway area

6 Angular contact ball bearing
7 Housing

8 Inner ring

9 Ball

The invention claimed is:

1. Rolling bearing comprising a bearing ring and a number
of rolling bodies, wherein the bearing ring is formed from a
steel that comprises, as alloy components, 0.05 to 0.65 wt. %
carbon, 0.5 to 5.0 wt. % chromium, more than 0% and up to
1.0 wt. % molybdenum, more than 0% and up to 1.0 wt. %
vanadium, and more than 0% and up to 1.0 wt. % aluminum,
wherein a surface of the bearing ring has a hardened surface
zone that comprises nitrides and has a diffusion layer and a
connection layer above said diffusion layer, the surface zone
has a thickness of up to 1 mm, and the bearing ring comprises
a raceway area and the surface zone is free from the connec-
tion layer in the raceway area.

2. The rolling bearing according to claim 1, wherein the
surface zone has a thickness of 100-300 um.

3. The rolling bearing according to claim 1, wherein the
surface zone has a Vickers hardness of greater than 700.
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4. The rolling bearing according to claim 1, wherein the
steel comprises 0.27 to 0.34 wt. % carbon, 2.3 to 2.7 wt. %
chromium, 0.15 to 0.25 wt. % molybdenum, and 0.1 t0 0.2 wt.
% vanadium.

5. The rolling bearing according to claim 1, wherein the
bearing is formed as a two-row angular contact ball bearing.

6. Method for producing a bearing ring for arolling bearing
comprising producing, the bearing ring from a steel that com-
prises, as alloy components, 0.05 to 0.65 wt. % carbon, 0.5 to
5.0 wt. % chromium, more than 0% and up to 1.0 wt. %
molybdenum, more than 0% and up to 1.0 wt. % vanadium,
and more than 0% and up to 1.0 wt. % aluminum, generating
nitrides in a surface zone on a surface of the bearing ring by a
thermochemical treatment, so that a diffusion layer and a
connection layer above said diffusion layer are formed, the
surface zone is generated with a thickness ofup to 1 mm, and
the connection layer of the bearing ring is removed in a
raceway area.

7. The method according to claim 6, wherein the surface
zone is generated with a thickness of 100-300 pm.

8. The method according to claim 6, wherein the nitrides
are generated at a temperature between 400° C. and 700° C.
over a time period of up to 50 hours.

9. The method according to claim 6, wherein the connec-
tion layer of the bearing ring is removed in the raceway area
by metal-cutting.



